The Impulse Compton Profiles (CP's) J(q) and the p n − expectation values for some inert gas atoms(He-Kr) are computed and compared within The < p n > expectation values within the three theories are also found to be comparable. The HS formalism is seen to mimic HF reasonably well in the momentum space, establishing the logical consistency of the former.
X-ray or γ-ray photon inelastically scattered by electrons in matter) has a direct bearing on the electron-momentum density. In the so-termed impulse approximation [1] the Compton cross section is proportional to an experimentally observable quantity, viz. the Compton profile(CP), related to the electron momentum density, vide:
γ(p x , p y , q)dp x dp y .
(
The momentum density γ( p) is the diagonal (i.e. p ′ = p) part of the full, reduced first order momentum space density matrix Γ (1) mom ( p| p ′ ) connected in turn, to the many-electron momentum-space wave function [2] Φ( p 1 , p 2 , . . . , p N ) by
where a sum over spin may also be included.
Within the independent-electron approximation such as the Hartree-Fock (HF) theory, Γ
mom ( p| p ′ ) takes the form [3] Γ (1)
with i sweeping through the "occupied" states with the occupancies f i and φ i ( p), the momentum-space orbital, being the Fourier-transform of the coordinate-space orbital ψ i ( r) related through (Hartree atomic units employed throughout):
The < p n >-moments are defined in terms of electron momentum density (EMD) distribution by:
< p n >= 4π ∞ 0 p n+2 γ(p)dp,
where
γ( p)dΩp is the spherically averaged EMD, in turn leading to the spherically averaged impulse Compton profile J(q) = 2π ∞ |q| γ(p) p dp. These < p n > expectation values sample the interior as well as exterior regions of the EMD and are also related to atomic properties. The < 1/p > moment is twice the peak value of the impulse profile J(0); the < p 2 > moment is twice the kinetic energy (= −E total , by the virial theorem) while the < p > moment is empirically found to be almost proportional to the exact Hartree-Fock exchange energy [4] .
The recent Harbola-Sahni approach [5, 6] to the atomic structure calculations proffers an attractive alternative to the conventional Hartree-Fock description. The HS approach has been proven to be successful in giving the total energies [7, 8] and co-ordinate space properties [9, 10] practically of Hartree-Fock quality. In addition, coupled with local correlation, it also describes the excited states of atoms quite accurately [11] . This success of the HS formalism prompts one for its critical appraisal in the momentum space through Compton profiles and and the < p n > expectation values. We also compare these with the corresponding quantities calculated within the HF, the HS and the self interaction corrected (SIC) local density functional theories. This study is aimed at bringing out how these p−space quantities calculated using the local and orbital-independent prescription of HS compare with those of the HF theory, which employs a nonlocal potential (in its exact exchange description), and of SIC theory in which the effective potential, although local, turns out to be orbitaldependent. In the following we first briefly describe the HF, HS and SIC theories to highlight the differences among them.
All the three theories HF, HS and SIC are independent particle theories in which the electron orbitals are obtained by solving the equations (Hartree atomic units i.e.h = |e| = m = 1 are used throughout herein), viz.
′ is the Hartree potential and v x the exchange potential.
Here ρ( r) is the electronic density given in terms of orbitals ψ i ( r) as ρ( r) = i f i |ψ i ( r)| 2 . The differences in HF, HS and SIC precisely lies in the manner in which the exchange potential is prescribed in them. In HF which is the exact theory at the "exchange-only" level, as noted above, the potential v x is nonlocal with its action on ψ i ( r) is given by
On the other hand, the exchange potential in the exchange-only HS theory is local and is prescribed as the work done in moving an electron in the field of its Fermi hole [5] :
is the exchange "electric field" due to the Fermi hole (or the "Exchange hole") ρ x ( r, r ′ ).
In the SIC theory the exchange potential is calculated within the local-density approximation (LDA) which is then ad-hocly corrected for its self-interaction on an orbital-by-orbital basis [12] . Thus the orbital dependent SIC exchange potential is given as
where ρ i ( r) =| ψ i ( r) | 2 is the orbital density.
In the context of HS potential, it may be noted that as recently established by Holas and March [13] , the Harbola-Sahni exchange-correlation potential can also be calculated from the exact second-order density matrix by employing the differential virial theorem. The results are consistent with, and provide the mathematical proof of the formalism proposed by HS. In addition, it also spells out how the kinetic energy term missing [5, 6] from the HS potential arises from the differences in the exact kinetic energy density tensor and its
Slater-Kohn-Sham orbitals counterpart [13] . Similar analysis carried out within the HartreeFock theory [14] reveal that the difference between the exact KS exchange-only potential and the HS potential is traced back to the differences in the kinetic energy density tensors of the HF theory and its local counterpart (as such, this difference is indeed only marginal) [14] . Further, within a local prescription, it is not clear as to how one incorporates the kinetic-energy effects directly in a self-consistent-field (SCF) scheme.
In this work the spherically averaged Compton Profiles J(q) within the HF theory are computed using the near Hartree-Fock(NHF) quality wavefunctions that employ the STO (Slater-Type-orbital) bases tabulated by Clementi and Roetti [15] and the values of the < p n > moments are from Ref. [16] . On the other hand, the orbitals with effective potential W x are obtained by a modified Herman-Skillman code [17] . The calculated Compton profiles along with their available experimental [18, 19] and accurate theoretical counterparts [20] are tabulated in tables I-IV for inert atomic systems He-Kr while the moments are displayed in tables V-VII. The Helium atom in its ground state has a single orbital, hence all the CP's within these three exchange-only theories practically coincide (cf. Table I and Ar, and up to three significant figures for Kr. This agreement is however not surprising since this moment is essentially the double of the negative of the total energy (by the virial theorem) and the HS theory is known to produce the total energies which are practically equivalent to their HF counterparts. Further, the < p > and < p 3 > moments are also found to be comparable in the three theories. The < p 4 > moments within HS agree with their corresponding HF and/or SIC values. Thus, the HS theory with its local prescription for the exchange potential seen to mimic the Hartree-Fock formalism reasonably well in the momentum space. Our study on the detailed structure of the radially projected first order reduced density matrix [3] also supports this similarity between the HS and HF density matrices: striking similarities are observed in the structure(contours) of reduced first order density matrix in the momentum space.
The HS theory also offers a simpler description of the bound excited states in comparison with the HF description. This is because the HS formalism is not based on the variational principle, but rather on the physical effect of the Pauli and Coulomb correlations; which has prompted us to compute the CPs for the excited states of helium. Of course, the numerical HF approach is also perfectly suitable for excited states with the orbitals identified from the number of radial nodes (= n − l − 1) of a given radial part R nl (r) of the orbital. However, the appeal of the HS approach is that it is simple to implement than the numerical HF scheme, yielding results that are practically equivalent to the latter. The CP's calculated for various excited states of Helium are presented in Table IX . The excited states of helium atom will have diffused electron distribution in the position space and also will have higher total energy. Consequently, the excited state CP's will be more compact or localized in the small q− region, as is evident from Table IX .
One naively expects that the HS Compton profiles may be improved by adding an accurate local correlation to its effective potential. It is observed, however, that addition of an ad-hoc correlation (such as the Gunnarsson-Lundqvist [23] or Ceperly-Alder [24] prescriptions) to the effective HS potential results in an undesirable lowering of the peak-profile. If the correlation is added at right the level of exchange-correlation hole (ρ x replaced by ρ xc in Eq. [8] ) and then the HS computations be performed self-consistently, an improvement over the "exchange only" J(q) is expected. On the other hand, though the work of Holas and March [13] as pointed above prescribes an inclusion of the kinetic piece of correlation in the KS context it is not known how one actually implements their scheme in practice. These studies of course, go beyond the scope of the present "exchange-only" theme.
In this paper, we have carried out a comparative study of the momentum space properties 
